Purpose: There have been a number of reviews on the association+ between unemployment and suicide, but none have investigated how this relationship is influenced by duration of unemployment.
Introduction
Past review studies have provided strong evidence of the relationship between unemployment and suicide [1] [2] [3] [4] . However, the magnitude of the relative and attributable risk associated with unemployment has been contested, as various authors have suggested that the effect of socio-economic factors on suicide tend to be overestimated when the contribution of psychiatric disorders is not taken into account [5] . This assumption is problematic as it assumes that mental illness and unemployment have separate and independent effects on suicide when, in fact, mental illness is a likely intermediatory factor between unemployment and suicide [6] .
A further problem is that many past studies view unemployment as a simple static and binary state (i.e. unemployed versus employed), thereby ignoring the dynamic nature of employment status. A person may only be without a job for a finite period before re-employment, or from unemployment they may exit the labour market. The importance of considering the potential risks associated with length of unemployment has recently been recognised in epidemiological studies, which have demonstrated that longer durations of unemployment affect cause-specific and all-cause mortality differentially over time [7, 8] . Variation in the effect of unemployment duration has also been shown in studies of psychological wellbeing, which have demonstrated pronounced adverse mental health consequences the longer a person is unemployed [9] . At the same time, past meta-analyses on mental health outcomes and all-cause mortality [7, 9] suggest a possible amelioration or ''adjustment'' to the adverse effects of unemployment on mental health and mortality over time.
There has been no systematic review and meta-analysis on length of unemployment and suicide. However, given the results of the meta-analyses [7, 9] discussed above, there is good reason to suspect that unemployment may have differential effects on suicide over time. This systematic review and meta-analysis seeks to summarise evidence to date on the effects of duration of unemployment on suicide attempts and deaths. The main hypotheses of the study were that: 1) long term unemployment would be a risk for suicide attempt and mortality, and; 2) the relationship between unemployment and suicide would vary over time.
Methods
Unemployment duration was measured as either a continuous (e.g., number of days since the loss of a job) or categorical (e.g., short versus long term unemployment) variable. The study protocol was based on the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) (http://www. prisma-statement.org/).
Databases and search terms
The search was conducted using four databases: Pub Med, Web of Knowledge, Scopus and Proquest. These databases were chosen to ensure that the literature search strategy comprehensively examined research from medicine, epidemiology, sociology and psychology. A secondary search of reference lists was undertaken from within retrieved articles. Search terms used for the search were: suicid* OR self injur* OR deliberate self harm AND job loss OR unemploy*. Authors were contacted to identify additional statistical details on retrieved studies. The first author conducted the initial searches and shortlisting. Subsequent searches and checking was undertaken by the other two authors, with mismatches in classification resolved by consensus.
Inclusion and exclusion criteria
Articles were considered if the search terms were included in the abstract or title of the article and were published in the last thirty years (i.e. 1980 or later), which was when the last review study on the unemployment and suicide was conducted (criterion A) [2] . After a review of the title and abstract, review articles, editorials and papers not in English were excluded. Only peer reviewed research was considered (criterion B). Duplicates were also removed. Following this, the abstract and text were reviewed to assess whether unemployment was a key independent variable of interest (criterion C) and suicide was a measured outcome variable (criterion D). Among the remaining articles, preference was given to those articles and scholarly pieces that measured the effect duration of unemployment over time (criterion E), or the risk associated with suicide following job loss (criterion F).
Study design and variables of interest
This review included studies conducted at the individual and the aggregate (ecological) level. Qualitative and case-series studies were excluded. Studies were classified according to whether they were: (1) population-based cohort or case-control designs; (2) population-based ecological designs, or; (3) hospital based clinical cohort or case-control designs. Suicidal behaviours could be measured as either non-fatal (suicide attempts) or fatal (suicide).
Data extraction
The data extracted from identified studies included suicide attempt or death, duration of unemployment or follow up from the point of unemployment, and results by sex (where available). The results of studies were described individually using summary measures such as risk or rate ratios.
Meta-analysis
Of those studies included in the overall systematic review, only a subset of longitudinal cohort studies on mortality were considered eligible for meta-analysis. The reason for this was that these were the only studies that provided comparable measurements of exposure (unemployment duration or follow up from the time of unemployment) and outcome (suicide). Pooled effect size and 95% confidence intervals were calculated using random effects metaanalysis using the inverse variance (Dersimonian and Laird) method. The effects assessed to be eligible in in the meta-analysis included hazard, odds or rate ratios. Heterogeneity between studies was assessed using the I 2 statistic, which provided an estimate of the percentage of variability in the outcome that is due to differences in exposure-outcome association. Where possible, adjusted estimates (with 95% confidence intervals) were used and results were stratified by sex. The possibility that unemployment would have nonlinear effects over time was tested as an a priori hypothesis based on the findings of a previous meta-analysis [7] , which demonstrated the most significant levels of relative risk of all cause-mortality occurred within either five years or five to ten years of unemployment, and was reduced thereafter. The metaanalysis was carried out in Stata Version 12 [10] . Meta-regression was conducted to assess the impact of duration of unemployment as a source of heterogeneity. Funnel plots were used to assess publication bias and small study effects [11] .
Results
The process of inclusion and exclusion of articles can be seen in Figure 1 . After reviewing titles and abstracts, articles were excluded if they did not specifically investigate the association between unemployment and suicide, were duplicate studies or published prior to 1980. Among the 874 remaining articles, 87 editorial, review and conceptual articles were removed. Articles were also excluded if the article was not in English. The abstract and text were reviewed to exclude those articles that were descriptive case-series or qualitative designs. Over 300 articles were ecological studies, conducted either cross-sectionally or longitudinally, in which unemployment duration and/or suicide were not the primary variables of interest. Restricting studies to those where a measure of duration of unemployment or time since job loss was included resulted in 16 articles relevant to this systematic review (Table S1 ).
Study quality
The quality of studies was assessed before inclusion in the systematic review and meta-analysis, based on published recommendations [12] . Seven studies of suicide used cohort designs [8, [13] [14] [15] [16] [17] [18] , while three examined the relationship between unemployment duration and suicide using an ecological design [19] [20] [21] . Four other studies examined unemployment duration in relation to suicide attempts using data from hospitals [22] [23] [24] [25] , while two studies examined suicide attempts and ideation using a case-control design [26, 27] . The source populations were more representative in large cohort studies than those in clinical cohorts based in smaller hospitals. This is likely related to differences in the ability to collect population-level data on suicide attempts versus mortality.
There were considerable differences in the measurement of unemployment duration between studies (exposure) (Table S1) , with some studies defining unemployment as a categorical variable and others measuring it continuously. The representativeness of exposure was higher in population representative cohort studies than clinical cohort studies. Clinical cohort studies relying on self-report of unemployment status may be subject to non-differential selection bias.
Cohort studies included in the meta-analysis were not subject to this problem as unemployment data was usually ascertained from objective data sources (e.g., welfare payment or official employment figures). However, these sources may suffer from a lack of sensitivity and specificity in both the exposure and the outcome, and issue that was not generally addressed in the design of studies. This bias is likely to be non-differential, with an equal likelihood of affecting both cases and controls. Loss to follow-up is another issue that may affect longitudinal cohort studies. These limitations not withstanding, retrospective cohort designs capturing data at the population level were deemed to be the highest quality studies available.
Attempted suicide
Four clinical cohort studies examined employment status in those persons attending a hospital after engaging in suicidal behaviours [22] [23] [24] [25] . Among the earliest published were hospitalbased studies by Platt and colleagues [22, 23] , which found consistently higher rates of suicide among the long-term unemployed than employed or short-term unemployed suicide attempters (Table S1 ). There were two population-based cohort studies of attempted suicide in young people (under 25 years) in New Zealand [26, 27] . In comparison to those persons who experienced no unemployment, the relative risk of attempted suicide in those who had experienced #6 months of unemployment was 1.31 (95% CI 0.94 to 1.82), and in those who had experienced over 6 months was 1.72 (95% CI 0.89 to 3.32) after adjusting for mental disorders [27] .
Suicide
An ecological study on suicide over the period 1948-1978 in the USA [20] , found that longer duration (measured as a continuous variable) was associated with higher male and female suicide rates. Another ecological study by Shah [19] found no relationship between long term unemployment (time period undefined) and suicide rates across 27 countries. The outcome variable in this study was suicide rates in those aged 65 years and over, a population not widely represented in the labour market.
Recently, Classen and Dunnn [21] conducted an ecological study on the relationships between unemployment duration associated with mass lay-off events and suicide across 50 states of the USA. Results of this study indicated that a rise in the number of workers who were unemployed between 15 and 26 weeks was associated with an increase in suicides among males, but this relationship was no longer apparent after 26 weeks. For females, unemployment longer than 5 weeks was associated with an increase in suicides.
Meta-analysis
The remaining studies on suicide were retrospective cohort designs capturing data at the population level in Sweden, Finland, and Denmark [8, [13] [14] [15] [16] [17] [18] . As discussed above, these studies generally were assessed to have substantially higher quality than the papers reviewed above. The data sources used in these studies originated from longitudinal employment and mortality registers. Four studies obtained information on psychiatric history from hospital databases [8, 14, 17, 18] , while one other obtained psychiatric information from military conscription testing [15] . Following closer inspection of the data sources, one study [13] was excluded from the meta-analysis as its analysis of unemployment duration and suicide was conducted on a limited sample of cases (those who were previously admitted to a hospital for a psychiatric disorder).
The majority of studies used hazard ratios as outcome measures, while one study used odds ratios. As suicide can be considered a rare outcome in a population, these measures of risk were seen as comparable [28] . As can be seen in Figure 2 , the overall pooled relative risk of suicide associated with longer unemployment (average follow-up time 7.8 years) compared to those currently employed was 1.70 (95% CI 1.22 to 2.18). Inspection of the I 2 indicated a high degree of heterogeneity between studies (93.6%). This variation between studies and initial inspection of the forest plot ( Figure 2) was consistent with the a priori hypothesis of a nonlinear relationship between unemployment and suicide over time. Results were then stratified by studies with follow-up periods below and above five years after unemployment. The overall pooled relative risk in studies with follow up less than five years was 2.50 (95% CI 1.83 to 3.17) compared to those currently employed, while the risk in those studies with follow up periods between 12 and 16 years was 1.21 (95% CI 1.10 to 1.33) compared to those currently employed.
Meta-regression was used to assess the impact of duration of unemployment as a source of heterogeneity and revealed significant differences based on time to follow up. Studies with a longer duration of follow up had significantly lower RR than those that had a shorter follow-up period. Meta-regression was also used to assess the possible influence of SES and other factors such as mental illness. The results of this test suggested that controlling for these factors had no significant influence on results.
Possible publication bias and small study effects were assessed through inspection of a funnel plot (see Figure S1 ). This indicated an asymmetric plot, with smaller studies showing larger effect sizes, which may suggest publication bias. Following this, we investigated funnel plot asymmetry using Egger and colleagues' 1997 test for small study effects in meta-analysis [11] . The estimated bias coefficient was 21.86 with a standard error of 2.2, giving a p-value of 0.414. This test provides no evidence of small study effects, although the large standard error indicates considerable heterogeneity in results. Further, it is important to note that results of this test may be limited by the small number of studies included in analysis.
Discussion
This study systematically reviewed the evidence on the relationship between unemployment duration and suicide. Unemployment duration was identified as the main study factor in 16 studies. Based on this relatively small number of studies (compared to the proportionally larger number of studies of general unemployment and suicide), it appears that the effect of unemployment duration is not frequently explored in suicide research. Even within those studies that examined differences in unemployment duration, this was often poorly assessed. For example, two ecological studies failed to explain how long a person was unemployed before they were classified as ''long term'', [19, 20] and the majority of the cohort studies included in metaanalysis did not provide a clear indication of whether employment status was assessed continuously or periodically throughout the follow-up period.
There is tension in epidemiological research about whether the primary objectives of meta-analytic studies should be either the estimation of an overall summary or average effect across studies, or the identification and estimation of differences between studies [28] . In this study, considerable efforts have been made to illustrate the extent of differences between studies and to emphasise sources of heterogeneity. Despite these differences, Long-Term Unemployment and Suicide: Meta-Analysis PLOS ONE | www.plosone.orgconsistent findings were still apparent across identified studies. Long term unemployed persons (compared to short-term unemployed persons) had a greater number of suicide attempts and were at increased risk of re-attempting suicide in both the clinical context and the general population. Findings from the metaanalysis also provide some evidence that longer durations of unemployment were associated with a higher relative risk of suicide compared to those currently employed and that the association is likely to be nonlinear with stronger relative risk estimates for earlier follow-up periods [8, 16] compared to later follow-up periods [14] [15] [16] [17] . Further evidence is needed in order to understand when suicide risk peaks.
Psychological studies on unemployment suggest that there is a critical time period of between three months and a year during which people may be most at-risk of mental disorder [29, 30] . This time is thought to coincide with the growing sense of hopelessness that may accompany the perceived transition from short-to longterm unemployment [9, 29] . Some findings suggest that symptoms of mental ill health may stabilise at an elevated level during the second year of unemployment, before being associated with a renewed increase in distress in the long-term unemployed [9] . A recent meta-analysis of all-cause mortality also suggests that the influence of duration changes over time, with a higher risk of mortality at 5 years follow-up (to 73% increased risk of mortality) but reducing at 10 years follow-up to a level above that observed at baseline (to 42% increased risk of mortality) [7] . These findings are similar to the studies reported in this review, which suggests that there may be a reduction in risk after a period of 5-years of follow up.
The definition and measurement of unemployment duration was a problem in studies included in our meta-analysis, as most studies provided incomplete information on employment status during follow-up. We assumed that follow-up was synonymous with unemployment duration. In some studies this was clearly the case; in others, it was less so. This problem has been noted in another meta-analysis on unemployment duration in relation to all-cause mortality [7] . The high degree of heterogeneity between studies is another limitation in understanding the association between unemployment duration and suicide, which may be attributable to factors such as differences in how unemployment was measured (e.g., continuous [19] [20] [21] ], ordinal [15, 24] , or interval measurement [8, 14, 16, 17] ), differences in study design and, differences in study populations. Variation may also reflect the notable dissimilarity in follow-up and the lack of information about the relationship between unemployment duration and suicide between five and 12 years. Geographical context, labour market opportunities (e.g., unemployment rates) and other contextual influences across the samples included in meta-analysis may also affect results.
Another notable problem was that some studies reported only adjusted results while others only provided crude results. A sensitivity analysis using meta-regression indicated no significant differences depending on whether results adjusted for covariates such as mental illness, age and SES. However, this analysis was limited by small sample size and a heterogeneous sample. It is possible that unmeasured confounders such as age and SES could wholly explain the observed association if no effect of unemployment on suicide existed. Information on the relationship between SES and suicide from a recent published paper published (kindly provided by Lundin [32] ), indicated that the relationship between unemployment and suicide reduced after controlling for lower SES. Similarly, after controlling for age, the relationship between unemployment and suicide reduced. However, neither of these confounders attenuated the relationship between suicide and unemployment toward the null. The data in this recent paper [32] was used in several other studies included in the meta-analysis and therefore the results of this paper are likely to be generalizable to the present meta-analytic study.
Studies in the meta-analysis with over 12 years of follow-up also controlled for mental illness, which some researchers would argue explains a substantial amount of the relationship between unemployment and suicide [31] . This would suggest that cases of suicide among unemployed populations are a reflection of vulnerabilities that precede the loss of a job (i.e., the health selection hypothesis or the latent sickness hypothesis) [7, 15] . The smaller relative risk estimates in those studies with over five years of follow-up may indicate survivor bias, in that those participants remaining at longer periods of follow-up are less likely to be experiencing an ongoing mental illness [14, 15] . However, mental distress following unemployment has also been considered as a mediator of the relationship between unemployment and suicide, rather than a confounder [6] . Thus, controlling for mental illness is likely to lead to an underestimation of the relationship between unemployment and suicide. Similarly, adjusting for other likely intermediatories such as alcohol use and low emotional control would have the effect of biasing results towards the null. Other limitations include the possibility that a number of relevant articles were excluded in the review process. The review also excluded qualitative studies and case reports, articles not in English, and studies that were not published in the peer-reviewed literature.
In conclusion, the general finding of this review is that the longterm unemployed have a greater risk of suicide and attempted suicide compared to those unemployed in the short term, or compared to the general employed population. In order to better characterise the relationship between unemployment duration and suicide, there is a need for future studies to indicate a continuous measurement of employment status throughout the duration of follow-up. Future studies also need to capture individual influences on the relationship between unemployment duration and suicide, such as whether the individual has previously been unemployed, their occupation, and their age and sex, [7, 9] . Knowledge in this area would also benefit from an assessment of contextual factors affecting outcomes for long term unemployed such as the availability of jobs at a population level and social welfare programs for the unemployed [7, 9] . Figure S1 Funnel plot to assess publishing bias and small study effects, meta-analysis of suicide risk following unemployment, follow up over time.
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